INTRODUCTION-Nonalcoholic steatohepatitis is expected to become the leading indication for liver transplantation. Use of extended criteria donors (ECD) may help with donor allocation in these patients. The objective of this study was to determine the use of ECDs in patients with NASH undergoing liver transplantation to stimulate a liver-specific predictive model for ECD use.
INTRODUCTION
Worldwide, nonalcoholic fatty liver disease (NAFLD) accounts for 25% to 45% of chronic liver disease. 1 Its prevalence continues to increase in parallel with the worsening obesity epidemic. It is estimated that 68% of adults in the United States are overweight or obese, which translates to approximately 75 to 100 million individuals having NAFLD. 1 Furthermore, progression to nonalcoholic steatohepatitis (NASH) and liver failure is becoming a national problem. The proportion of liver transplants performed for NASHrelated cirrhosis increased nearly 10-fold from 1.2% in 2001 to 9.7% in 2009. 2 NASHrelated cirrhosis is now the second most common indication for liver transplantation after hepatitis C. It is projected that NASH will supersede hepatitis C as the most common indication for liver transplantation by the year 2020. [1] [2] [3] Patients with NASH present a unique challenge for clinicians. Given their obesity, they are more likely to have associated chronic disease, including cardiovascular disease, renal disease, and metabolic syndrome. 3 The associated comorbidity coupled with increased BMI results in reluctance to transplant these patients. A previous study documented that specific organs targeted for morbidly obese patients were 16% more likely to be turned down than for non-obese patients. Also, when compared to other indications for liver transplantation, NASH patients were least likely to receive a liver transplant and more likely to experience 90-day waitlist mortality. 4 Given the increasing prevalence of NASH-related end-stage liver disease (ESLD) and the ongoing shortage of donor organs, the use of extended criteria donor (ECD) livers has the potential to increase the donor pool for patients with NASH. While ECD is clearly defined in kidney donors, the definition of ECD donors in liver transplantation remains unclear. Donor characteristics such as donor age, cause of death, cold ischemic time, and macrosteatosis have been associated with increased risk of graft failure. 5, 6 Currently, the United Network for Organ Sharing (UNOS) data registry uses the kidney allocation criteria, which defines an ECD as a deceased cardiac donor or brain death donor and either: a) ≥60 years of age or b) aged 50-59 with two of the following: history of hypertension, creatinine ≥1.5, or stroke being cause of death. In general, use of ECD livers has been shown to have increased rates of graft failure in patients undergoing liver transplant for hepatitis C. 7, 8 The objective of this study was to describe a contemporary cohort of patients undergoing liver transplantation for NASH and determine whether receipt of an ECD liver or other donor factors are independent predictors of patient and graft survival. If overall survival and the risk of graft failure are similar with ECD livers, this has the potential to increase the donor pool and allow for earlier transplantation in NASH patients with lesser MELD scores.
METHODS

Study Design/Data Source
This was a retrospective longitudinal cohort study. The UNOS Registry is a large database with over 150,000 patients including adults and children. Data are available from 1987 to 2014; all transplantation centers and organ procurement organizations in the United States are required to electronically submit forms to UNOS. Information submitted includes the: a) Transplant Candidate Registration Form, containing patient information at time of listing; b) Deceased Donor Registration Form, containing donor information; c) Transplant Recipient Registration Form containing clinical information about the recipient before and after transplantation, treatment, and the patient's status at discharge from the hospital; and d) Transplant Recipient Follow-Up Form containing follow-up information on the recipient including clinical and treatment information. This information is entered into the Standard Transplant Analysis and Research file which includes records on each transplant the patient underwent with subsequent follow-up information. We used data from 2002 to 2014 given that NASH was not given a specific numeric diagnosis code until 2002; prior to 2002 NASH was only provided as a text code. 9 Figure 1 depicts the cohort selection diagram. The following criteria were used to establish the final cohort: 1) ≥18 years old undergoing first liver transplant, 2) primary diagnosis of NASH, and 3) patients were included if they received a liver from a deceased donor and had information on ECD status and 4) patients who had a secondary diagnosis of hepatitis C or alcoholic cirrhosis were excluded, because this may result in confounding.
Cohort Identification
Outcome
The primary outcomes in this study were overall survival and graft survival. Overall survival time was defined as transplant date to death date. Graft survival time was defined as transplant date to date of graft failure or re-transplant date.
Exposure
The UNOS transplant registry uses a specific variable that classifies donors as ECD, which UNOS has defined within the registry as a deceased cardiac donor or brain death donor and either: a) ≥60 years of age, or b) aged 50-59 with two of the following: history of hypertension, creatinine ≥1.5, or stroke being cause of death. These criteria are based on the kidney allocation classification of extended criteria donors and is applied to liver donors. As UNOS criteria are based on kidney donors, models were also created using: 1) individual donor characteristics including donor age, sex, race, cause of death, body mass index, cold ischemic time, and 2) the Kidney Donor Profile Index (KDPI). The KDPI is calculated as a cumulative risk with the previous year's donors being used as a reference population. If a donor's KDPI is 80%, their risk of graft failure is greater than 80% of all donors recovered in the prior year of their transplant. 10 
Covariates
For all patients who underwent liver transplant, recipient and donor characteristics were identified and stratified based on donor type. Recipient characteristics included: age, sex, race, MELD at transplantation, body mass index (BMI), history of diabetes, months on the waitlist, and region.
Statistical Analysis
All analyses were performed using SAS 9.4 (SAS Institute, NC). Descriptive statistics were done to describe trends in diagnosis of NASH over the time period of the study (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) and utilization of extended criteria donors in patients with a diagnosis of NASH. Recipient and donor demographics were described with categorical variables and compared using chisquare. A logistic regression model of all patients who underwent liver transplantation for NASH was constructed to determine which factors were associated with greater likelihood of patients receiving an ECD versus standard liver donor. The model included the following recipient factors: age, sex, race, BMI, MELD score at transplantation, history of diabetes, waitlist time, and region.
Using Kaplan-Meier curves, unadjusted survival rates were compared between patients who received a standard donor versus those who received an ECD. A log-rank test was used to compare significance between curves. Two, separate, Cox proportional hazards models were constructed for overall survival (risk of death) and graft survival (risk of graft failure). In the former, patients were censored if they were lost to follow-up or at the end of study time period, whichever came earlier. In the graft survival model, patients were censored if they died, were lost to follow-up, or at the end of study time period, whichever came earlier. Both models adjusted for: recipient age, sex, race, MELD, BMI, history of diabetes, months on the waitlist, and transplant region based on the allocation system of the Organ Procurement and Transplant Network. 11 Different criteria have been used to define ECD livers. 5, 6 Based on these models, additional Cox proportional hazards models looking at patient survival and graft failure were created with the same recipient factors and individual donor factors based the prior literature. Two separate models were constructed which included either a) individual donor factors (donor age, sex, race, cause of death, donor BMI, and cold ischemic time) or b) KDPI.
The KDPI was used as an additional model to predict outcomes given its use in kidney transplantation; the KDPI scores donors based on a scale of 0-1.0 (reported as a percentage) rather than a binary classification. 12 The score includes 10 specific donor factors that provide a profile index. Given that this approach may provide better specificity to ECDs and patient outcomes, this model was compared to the original model using only the binary UNOS ECD definition. Figure 2B ). Overall, the use of ECDs in NASH patients was stable over time (p=0.44 for trend).
RESULTS
Trends and Patient Demographics
When comparing recipient demographics based on donor type (Appendix A), patients who received a liver from an ECD were older (32% of patients ≥65 years vs. 25.5% in patients <50 years of age; p < 0.0034), spent a greater time on the waitlist (28.7% of patients waitlisted for <3 months vs. 33.5% waitlisted >9 months; p=0.0006), and had lesser MELD scores compared to those who received a standard donor liver (38.4% of patients with MELD scores <20 vs. 18.7% of patients with MELD scores ≥40; p<0.0001). Significant geographic variation in receipt of ECD livers was observed; patients residing in the southeast (35.1%) and northeast (35.1%) were more likely to receive an ECD liver compared to other regions (p<0.0001). There was no difference in sex, race, BMI, and presence of diabetes between recipients of ECD livers and non-ECD livers.
By definition, ECDs were more likely to be older (40.1% over 65 vs. 0% over 65, p<0.0001), to die of stroke (75.7% vs. 26.4%, p<0.0001), and to have a BMI < 29 (64.1% vs. 73.6%; p<0.0001) compared to standard donors. Cold ischemic time was not different between the two donor types (p=0.91) (Appendix B).
Receipt of an Extended Criteria Donor
Receipt of an ECD was associated strongly with MELD score (Appendix C), with increasing MELD scores being less likely to receive an ECD compared to those with MELD scores <20 (MELD ≥40: OR 0.41, 95% CI 0.29-0.56). Patients aged 50-64 were also more likely to receive an ECD compared to those younger than 50 (OR 1.27, 95% CI 1.04-1.55). The use of ECD livers was associated with lesser waitlist times (Table 3) . Patients residing in the Southwest, Northwest, and Midwest regions were least likely to receive ECD compared to those in the Southeast (Table 3) .
Patient and Graft Survival
The overall survival in patients undergoing liver transplantation for NASH was 89.8% survival at 1 year, 76.4% at 5 years, and 56.9% at 10 years. In the Kaplan-Meier curves comparing survival between donor types, there was no difference in survival between standard donors and ECDs (p=0.86; Figure 3A ). After adjusting for recipient and donor factors, the Cox proportional hazards model still did not demonstrate a significant difference in survival between the two donor types (HR 1.06, 95% CI 0.91-1.23) ( Table 1) . MELD scores between 30 and 39 (HR 1.82, 95% CI 1.51-2.21) as well as scores ≥40 (HR 1.92, 95% CI 1.43-2.58) were associated with increased risk of mortality compared to those with MELD scores <20.
Overall graft survival was 87.7% survival at 1 year, 74.5% at 5 years, and 57.4% at 10 years. When stratified by donor type, the unadjusted model demonstrated a trend toward a difference between the two groups (p=0.06; Figure 3B ), while the adjusted Cox model did demonstrate risk of graft failure in those receiving an ECD compared to standard donor (HR 1.18; 95% CI 1.03-1.36) ( Table 1) .
Individual donor factors including donor age, sex, race, cause of death, BMI, and cold ischemic time ≥6 hours did not increase the risk of mortality and graft failure ( Table 2) . In contrast, similar recipient factors such as older age, MELD score, low BMI, and history of diabetes were again associated with increased risk. The greatest predictor of patient survival and graft failure was the KDPI, which was reported as a continuous variable. With every 10% increase in KDPI, there was a 28% increased risk of patient mortality (HR 1.28; 95% CI 1.02-1.60) and 45% increased risk of graft failure (HR 1.45; 95% CI 1.18-1.80) ( Table  3) .
DISCUSSION
NASH is becoming rapidly the most common indication for liver transplantation and is expected to supersede hepatitis C in the near future. Although there has been a slight increase in the number of donors recovered and transplanted, the organ donor shortage remains critical. In the UNOS annual report in 2014, there were over 10,000 people registered on the waitlist, but only 63% of these patients underwent eventually a liver transplant. 13 Previous studies have shown that the use of ECDs in hepatitis C patients leads to worse outcomes. 7, 8, 14, 15 To date, no studies have evaluated the outcomes of ECD livers in the NASH population. The use of ECDs in these patients may further close the organ shortage gap.
Based on the UNOS ECD criteria which are based currently on the kidney allocation criteria, patient survival was comparable between donor types when using the UNOS definition, but graft survival was decreased with ECDs. Several other donor characteristics have been associated with graft failure and overall survival after liver transplantation, including donor age, cause of death, hepatitis C status, malignancy, infection, race, and donor height. 5, 6 In our analysis, these individual donor characteristics were not associated with either overall survival or graft failure. The reason for these findings are likely two-fold. Previous studies deeming specific donor characteristics as "high risk" focus primarily on hepatitis C and alcoholic cirrhosis, a markedly different population than those with NASH. 7 Also, analyzing donors simply as ECD or not may not be an optimal predictor of outcomes. The KDPI measures the cumulative risk of kidney graft failure over a continuum and uses 10 specific donor factors (donor age, height, weight, ethnicity, history of hypertension, history of diabetes, cause of death, serum creatinine, hepatitis C status, and donation after circulatory death); the KDPI may also be applied to liver transplantation. Our data show that with every 10% increase in KDPI, there is 28% increased risk of patient mortality and 45% increased risk of graft failure. This observation suggests that classifying donors along a spectrum rather than simply categorizing them as standard versus extended criteria may allow for better risk stratification.
Developing a similar cumulative risk model specific to liver transplantation with inclusion of transplant indication and other donor factors relevant to liver transplantation, such as age, cause of death, race, graft type used (split versus partial), macrosteatosis, and donor height, 6 may help better create a standard definition of "high risk" or "extended criteria" and allow for better allocation of organs to optimize outcomes.
In 2006, Feng and colleagues 6 proposed a donor risk index based on donor characteristics and reported the index as a relative risk of graft failure, but calculators for liver transplantation have yet to be developed. Furthermore, this previous study did not report macrosteatosis as increasing the risk for graft failure. Given the increasing prevalence of nonalcoholic fatty liver disease in the general population, this affects ultimately the quality and quantity of potential donors; indeed, liver graft steatosis has been shown to be an important predictor of primary graft nonfunction. 16, 17 Consistent incorporation of this variable into the UNOS database may help future studies and will identify the impact of donor steatosis on transplant recipients with NASH.
We found no differences in overall patient survival or graft survival based on donor age. This finding is in contrast to a large retrospective study comparing outcomes in patients with hepatitis C and alcoholic liver cirrhosis that found that donor age exceeding 40 years of age resulted in inferior graft survival and that donor age exceeding 50 years of age impacted negatively patient survival in recipients with hepatitis C. 14 Given our data, allocation of younger donors to those with hepatitis C and use of older donors in patients with NASH may help better allocate organs and relieve the organ donor shortage.
Our study had also shown that recipient BMI was an important predictor in post-transplant outcomes. An early study in 2002 included 18,000 liver transplant recipients in the UNOS database and found increased 5-year mortality in patients with BMI exceeding 35 and increased risk of 30-day, 1-year, and 2-year mortality in those with a BMI over 40. 18 Based on these data, the American Association for the Study of Liver Diseases (AASLD) state morbid obesity (BMI≥40) as a relative contraindication to liver transplantation. 19 Our data show that patients with a BMI greater than 25 (and even with BMI ≥35) had a slightly improved survival and less likelihood of graft failure compared to those with BMI <25, even after controlling for donor status.
Other reports including a large retrospective study using the UNOS database reported lesser survival rates only at extremely low or extremely high BMI. 20, 21 A more recent metaanalysis by Saab and colleagues included 13 studies and 76,000 patients with no reported difference in survival based on BMI. 22 These studies, however, do not focus specifically on NASH patients. Given that our cohort were mostly overweight or obese, it may be hypothesized that at the time of transplant, those patients with NASH and low BMI is a result ongoing liver failure. This possibility compounded with diabetes may further complicate the clinical status and result in poor outcomes in those patients with NASH and a BMI <25 receiving an ECD; thus, specific to NASH patients, it might be argued that those with low BMI and diabetes should not receive ECDs.
As with any retrospective study, a limitation of this study includes selection bias. In the receipt of both liver transplantation and receipt of an ECD organ, there are multiple factors involved. Also, certain variables studied previously could not be factored into the model given missing information; these factors include donor serum sodium concentration, warm ischemic times, and donor macrosteatosis. [23] [24] [25] These factors have been reported as clinically important negative predictors in previous reports, but our specific cohort had greater than half of the cohort with missing values; therefore, these variables could not be reliably imputed into the model. Future work toward consistent data collection of these variables in the dataset may provide invaluable information regarding donor characteristics and patient outcomes.
CONCLUSIONS
Our study is the first, to our knowledge, that analyzes survival and graft failure rates in patients with NASH and the role of the ECD. Simply using the standard definition of ECD shows comparable survival but indicates an increased risk of graft failure. Creation of a liver-specific model similar to the KDPI that is easily calculated may help risk stratify patients and improve organ allocation. Given the rising obesity epidemic and incidence of NASH patients, understanding the use of ECDs in these patients may be vital in alleviating organ-donor shortage. Table 2 Cox proportional hazards model including individual donor characteristics and recipient characteristics to identify independent predictors of mortality and graft failure.
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